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ABSTRACT, This report contains the results of a parametric study on the
effectiveness of cluster weapons against "area" targets, where an "area"
target consists of a large number of units distributed over an area
(e.g., a battalion of troops in the field).

The effects of number of bomblets, delivery error, ammunition dis-
persion, and warhead effectiveness are considered. The results of the
study are presented in handbook form so that one may quickly determine
the effectiveness of any proposed cluster weapon, once specific values
have been assigned tc the above parameters.
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FOREWORD

The Weapons Planning Group is engaged in an anelysis of convention=-
al free-fall ordnance with a view to making recommendations for the de-
velopment of new weapons for use in limited war, One of the more frus-
trating features of such a process is the fact that the necessary infor-
mation on warhead effectiveness changes with time, This often necessi.-
tates a re-evaluation of the weapons under consideration. 1In an effort
to render less inconvenient such re-evaluations and to provide a mesns
of expediting feasibility studies, a parametric study of the effective-
ness of cluster weapons has been undertaken. The first results of this
study, dealing with the effectiveness of cluster weapons against unitarvy
targets, were presented in NAVORD Report 7019. The present report con-
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tains further resulis of the study.

The report has been reviewed for technical adequacy by Donald
Kusterer and Robert S. Gardner.

The work reported herein was supported by Task Assigument RM 33-01-
001 /216-1 /F009-01-009.
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INTRCDUCTION

In an effort to assist in the rapld determination of the effective-
ness of proposed and existing weapons, a parametric study has been made
of such weapon effectiveness. The results of the first part of this
study, concerning weapons to be employed against unitary targets, are
presented in Ref. 1. PFurther results of the study, dealing with the
effectiveness of cluster weapons against square area targets, are pre-
sented herein in graphical and tabular form.

The parameters which were varied in making the study are number of
bomblets or warheads per cluster weapon, delivery errorl, ammunition dis«
persion, radius of effect of each warhead, and an effectiveness factor?
for each warhead,

The targets under consideration in this report are "area" targets
as opposed to "unitary" targets. A "unitary" target is a target such as
a tank or & ship vhich may be regarded as a unit for purposes of tactical
warfare. The "area" target consists of a large number of units distribe-
uted. over an area. The results presented in this report are based on
the assumption that this area is sguare in form.

The results of studies on problems similar to the one treated here
are found in Ref, 2 and 3. The basic assumptions found in Ref, 2 are
significantly different from the basic assumptions of the study reported
herein; hence, the results of the present study and those of PRef. 2 are
not directly comparable., In Ref, 3, the basic assumptions are such that
a comparlson may be made with some of the results of the present study.
The comparison appears in the third section of this report.

‘METHOD OF CALCULATICN
It is desired to determine the fraction T of a two-dimensional tar-

get which may be expected to be destroyed by a cluster of bomblets. The
following assumptions are made:

Ll The expression "delivery error" as used in this report includes
all errors in the system resuiting in the displacement of the projected
impact point of the unseparated cluster from its aimpoint. OSpecifically,
the effects of aim or fire-control error and the dispersicon of the clus-
ter weapon as a whole are included in the delivery error.

2 The meaning of the term "effectiveness factor" as used in this re-
port is explained in the section on the method of calculation.

}._I
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1. The target is a square with its sides parallel to the axes of a
Cartesian coordinate system.

2. The projected impact point of the cluster is normally distributed
sbout 1ts aimpoint, due to delivery error.

3. The bomblets are normally distriluted about the projected ime-
pact point, due to ammunition dispersion.

4, The delivery error is independent of the ammunition dispersion.

5. Each bomblet is uniformly effective throughout a square region
centered on the impact point of the bomblet,

Since it is desired to take account of cumulative damage which might
result from several bomblets impacting in proximity to one another, a
Monte Carlo method of evaluation is used., The method involves the use
of random normal numbers In repeated evaluations of the weapon, the pro-
cess being continued until the expected error in the estimate of weapon
effectiveness 1s satisfactorily small.

The target is defined so that it lies within a "playing field" which
is & 100- X 100-unit square. The location of any lattice point in this
square is specified by an ordered pai» of positive integers which repre-
sent the ccordinates of the point in a Cartesian coordinate system.

Four quantities zre required to characterize the target: the co-
ordinates of the lower left corner, the length of the sides, and a unit
value. For instance, if the sides of the target are 3 units in length
with a unit value of 10, each square unit in the target will have a
"value" of 10 so that the total "value" of the target is 90. It is con-
sidered that each square unit of a target is centered on a lattice point
of the "playing field" and its value is concentrated there., That is, if
& target is defined with lower left corner at (2, 6) and lengths of sides
one unit each, only the point (2, 6) of the "playing field" will be cone
sidered to be occupied by the target.

If a lattice point of the "playing field" is included in the target,
the point is said to be a target peint and the unit value of the target
is assigned to the point. The total value of the target is seen to be
the sum of the values of the target polnts. The fraction T of this total
value which is expected to be destroyed by the cluster weapon is determined
by the calculaticn procedure.

Two quantities are reguired to characterize the effectiveness of each
bomblet: the effectiveness distance R and the effectiveness factor E.
The values of these quantities are the same for all bomblets in a given
wenpon. The square area of effectiveness of a bomblet (which will hence-
forth be named the impact area of the bomblet) includes those lattice
points which lie within an x-distance of R from the impact point and
which alsc lie within a y~distance of R from the impact pecint. The ime
pact point will always be a lattice point. For inetance, if R=1, the
impact area of each bomblet consists of the nine lattice points centerpd
on the impact point of that bomblet (three rows of three points each).

rd
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The effectiveness of an individual bomblet is accounted for in the
following vay. If a point of the impact area of a bomblet coincides
with a target point, the value of the target peint is multiplied by the
effectiveness factor E (E < 1), the product is added to a tally of tar-
get value destroyed, and the value of the target point is reduced by the
value of the product. If the resulting value is less than 0.5, the tar-
get point is given the value zero (at which time it loses its status as
a target point).

Let us assume that a tLarget has been defined and the characteristics
of the bomblets (impact area, effectiveness, dispersion), as well as the
number of bomblets in the weapon, the aim point of the weapon-, and the
delivery errors have been determined, The effectiveness of the weapon
against the target is determined as follows,

Two random normal numbers, r. and r,, are selected from a ljist of
random normal numbers with unit s%andard deviation and zero mean’. Then
the coordinates a, and ay of the actual aimpoint for the weapon are given
by

ay

1 F
X X

where Ay and A, are the coordinates of the intended aimpoint of the wea-
pon, and O p, and O, are the standard deviations of the delivery

error in the x- and y-directions. Note that ay and ay, are not necessarily
integers.,

8y

Now two more rendom normal numbers, rz and rh, are generated, and
the coordinates I1, and I3, of the actual lmpact point of the first bomb-

let are given by:

]

I {a, + r3-cr§x) rounded

X

(2)

I (ay + ru-crhy) rounded,

Y
where I; and I have been rounded to integers; ay and ay are the
y

quantities determined by Eg. 1, and 0 Ry and ¢~ R, are the standard
deviations of the ammunition (bomblets) in the x-'and y~directions.

3 For the calculations of this report, the aimpoint of the weapon
was chosen to be the center of the target.

L If this method is programned for a digital computer, subroutines
are available which generate random normal numbers with the desired
characteristics,

)
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Once le and 1) have been determined, the impact area for the first
tomblet is cOmpared ¥ith the target area to determine whether the impact
area of this bomblet includes any target points. If any target points
are so included, the value destroyed is accounted for as described pre-
viously and the target is modified by appropriately reducing the value
of these target points.

The actual impact point of the second bomblet is now determined in
a similar manner, account ic taken of any damage the second bomblet does
to the target, and the process is repeated until all bomblets have been
accounted for. Foir the ith bomblet, equations analogous to Eq. 2 yield

-
e
]

(ay + rJ'CrFx) rounded

y (&y + k. CTRy) rounded,

where ry and ry are two random normal numbers. Note that for each bomb-
let the same values of ay and ay are used.

(3)

H
| e
I

When all bomblets have been accounted for, the accumulated value
destroyed is divided by the original tctal target value and the result
is the first element in the set of evaluations of the weapon against the
target. The target is now redefined in its original state and the pro-
cess begins again with the selection of another actual aimpoint for the
weapon (Eq. 1). After many repetitiocus of the procedure, the final an-
swer T is taken as the average of the results of the several trials,

In order to determine the point at which to stop the process and
give an estimate of the error in the final result, the quantity 0%,
where 3 1s the average value of the elements of {41} ; 1is determined for
set {8} of results of the trials. When U becomes less than a speci-
fied value, the process is stopped and we then have a probability of a-
bout .95 that the correct result T satisfies [T - 8] < ECTE. It is

known that
4/ 5)°
a - - * ( )

‘yn n

Equation (4) may be used to evaluate Uz,

If the number of bomblets per cluster weapon is at all sizable, it
is apparent that the above procedure is too tedious for hand computation.
However, the problem is suitable for programming on a high-speed digital
computer, and this has been done: an IBM 709 program to carry out the
computation procedure has been written. A complete description of this
program will be found in Ref. 4, The program was used to compute the
estimates of weapon effectiveness which are presented in this report.
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COMPARISON WITH ANOTHER METHOD

As mentioned earlier, some work of a similar nature to that presented
in this report is described in Ref. 3. The assumptions of Ref. 3 are
somewhat different from those of this report, and the method used there
is analytic in nature rather than being a Monte Carlo method, However,
it is possible to compare some results of the two methods, and this
section contains the comparison.

The principal difference between the assumptions of this report and
those of Ref. 3 is that no differentiation is made in Ref. 3 between
delivery errors and ammunition dispersion. The average fraction of &
square target which is covered at least once by up to 10 individuslly-
dropped bombs (each having a square impact area) is calculated in Ref. 3.
Since these bombs are not dropped in a cluster, there is no need in
Ref. 3 to assume a separate delivery error.

The results of this report which are comparsble to data in Ref. 3
are those for which 0CF = 0, N = 10 and E = 1, It is agssumed both in this
report and in Ref, 3 that O Ry = UR,. Table 1 contains estimates of
weapon effectiveness from both Ref. 3 and this report. The impact areas
of the bomblets range from the target area to .0l56 (one sixty-fourth)
of the target area. The quantity A in Table 1 is the impact area of
the bomblet divided by the target area. The quantity U R is expressed
in units of target widths. It is the common value of J°j, and TRy
The somewhat unusual values of O°g arise as a result of the method of
tabulation of the results in Ref. 3.

TABLE 1. Expected Fraction of Target Destroyed 10 Bomblets

R A . +0156 .+ 0625 .25 1.0
0 0156 . 0625 .25 1.0

.053 ,0628% .1509 201 .9999
062 .163 JLiks - 1.0

106 .1059 2511 .5972 <9997
102 256 640 1.0

212 1329 3930 . 7960 .9990
.131 377 .807 1.0

RL .0863 .3007 ~Thok 9937

.091 .309 756 .998

.850 .0303 .1158 . 3884 .8583

- - 110 879

8 The upper number of each pair is from Ref. 3 and the lower nuwnber
is from this report.
>
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It is seen from an inspection of Table 1 that the asgreement between
the two methods is quite good. In most cases the difference between the
results is less than 0.0l1, and the few cases where the difference 1s
greater are partly due to artistic license in drawing the curves of this
report. The meximum discrepancy is 0.0k,

ASSUMPTIONS AND PROGRAM DESCRIPTION

In making the calculations for this report, several assumptions were
made in addition to those listed in the description of the method of cal-
culation. For completeness, all major assumptions and conditions are
listed below. These assumptions were made:

1. The target is a square with its sides parallel toc the axes of a
Cartesian coordinate system,

2, The aimpoint of the weapon is the center of the target.

3. ‘The projected impact point of the cluster is normally distributed
about its aimpoint, due to delivery error..

4, The bomblets are normally distributed about the projected impact
point, due to ammunition dispersion.

5. The delivery error is independent of the ammunition dispersion.

6. Each bomblet is uniformly effective throughout a square region
centered on the impact point of the bomblet.

7-0—‘5-‘ -_-;_..x...a-ﬁ = 1
CF OR,

X
8. All target points have an initial unit value of 10,

Since assumption 7 indicates that Of, = Of , and O Ry = ORyxy it
will not be necessary to distinguish between the two directions when
delivery errors and ammunition dispersion are discussed. Therefore, the
symbols O p and O~R will henceforth be used when reference is made to
delivery errors and ammunition dispersion.

Assumption 8 increases the sensitivity of the method for cases in
which E<1.

The following parameters were varied in making this study: 0§ , O R,
N, R, and E. The unit for U p, O"R, and R is target length,

Due to the way in which R is defined, the area of effectiveness of
a bomblet, Ag, is given by

2
Ap = (2R + 1)°. (5)
In making the calculations for this report, values of R were chosen such

that Ap assumed values of one sixty-fourth, one sixteenth, one fourth,
and one target area, The decimal expansions of these values appear in
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Table 2 below,

Table 2 contains the values of OF, N, Ag, and E (bomblet effect-
iveness factor) which were used in the calculations.

TABIE 2, Values of Of , N, Ag,and E Used in the Study

Parameter - Values
E 0.5, 1
N 1, 10, 50, 100

Op (Target lengths) 0, 0.25, 0.5, 1, 2, &
Ag  (Target areas) 0.015, 0.06, 0.25, 1

For calculations involving a given valu.e5 of UF, several values of
O'R were chosen in the range O<JR < 30 . In this way the variation
of I' with O°g was determined. It was assumed that the asmmunition dis=
persion is easier to control than the delivery error, and when optimized
values of T are discussed, the optimization is with respect to d'g. That
is, when the data are crossplotted in Appendixes C and D, the maximum
value of T from each curve in Appendix A is used for the crossplotting.

USE OF THE DATA

Appendix A contains the basic data of the study. The results for
N=1 were obtained by an analytical method and are tabulated. The re-
sults for the other wvalues of N are presented in graphical form. Each
graph of Appendix A contains several curves of fraction of target de-
stroyed T vs. ammunition dispersion O R. The various curves were ob-
tained by use of different values of Ap and E for fixed values of JF and
N. Results are not given for all values of Ap, since in some cases the
delivery error was so large and/or N was so small that the smaller values
of AE gave negligible results.

Using the method of optimization outlined in the last section (i.e.,
choosing a value of @R such that T is maximum for a given curve), the
maximum values of fraction of target destroyed are tabulated in Ap-
pendix B. These maximum values of T are plotted against N in Appendix C
to show the effect of number of bomblets, and they are plotted against

O p in Appendix D to show the effect of delivery error.

Elementary Examples

Since several parameters are involved in the calculations, it is
clear that the simplest evaluations to make will be those for which the
parameters of interest coincide with values of those parameters used in

> For the calculations ia which O, =0, the values of JR were
chosen in the range 0< UpR < 2 target 1§ngths.



NAVWEPS REPORT 7641

the calculations, For iunstance, if one is interested in determining T
for a weapon containing 50 bomblets against a 100-x 100-ft target where
g =50 ft, 0"g=50 ft, Ay=,25, and E=.5, he proceeds as follows. Since
the target is 100 ft wide and the units for J p and. O R are target
widths W, O p=.5W,and C Rj=.5W in this case. The data for N=50 and

O p=.5W are found in Fig. A9. Using the dashed curves of this figure
for E=.5 and the second from the highest of these (keyed with a square)
for Agp=.25, we find that T=0,70 when U g=.5W. Incidentally, it happens
that crh=.5w gives the greatest value of T for this particular curve.
In other words, O R=.5W is the optimum value of R for N=50, Tp=,5W,
Ap=.25, and E=.5.

If it can be assumed that the optimum value of UR can be achieved
for a given weapon, it is no more difficult to evaluate T when either N
or OVF (but not both) deviates from a value for which calculations were
made. In this case, Appendix C or D may be used. For example, if N=4O
in the previous example and the values of the other parameters are the
same, we use Fig. C3 ( IF=.5W) to get Ty=0.65 from the dashed curve keyed
with a square®. If O =75 £t (.75W) and N=50, Fig. D3 (N=50) gives
T0=Oc 55 .

Interpolation

In the previous examples, not much more complexity is introduced by
allowing E to assume an intermediate value and using the following para-
bolic interpolation formula:

T= (bm - n)E + (2n - hm)EE, (6)

where m and n represent values of T when E=0.5 and 1, respectively, and
the values of all other parameters are fixed, It is seen from Eq. 6
that T=m when E=0,5 and T=n when E=l, so that the curve whose graph is
Eq. 6 passes through the points for which calculations have been made .

To illustrate the use of Eq. 6, let us consider the second of the
above examples. We found that Ty=0.65 when N=4O, O p=0.5W, AR=.25,and
E=.5. Let us find T, when E=.T7 and the values of the other parameters
are the same (except that the optimum value of ¢O—R may be slightly dif-
ferent due to the change in E). . We consult Fig. C3 again and find that
T,=0.82 when E=1 (solid curve keyed with a square), Hence, we have
m=0.65 and n=0,82 for this application of Eq. 6, and our interpolation

© The notation To denotes optimization with respect to OR.

T 1t has, of course, not been established that Eq. 6 represents
the proper curve for interpolation. However, use of this curve appears
to the author to yield more realistic results than would be the case if
linear interpolation were used, :
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formula for this example is

7= [ 4(0.65) - 0.82] E + [2(0.82) - 4(0.65)] E?
= 1.78E ~ 0.96E°. (7)

Substituting E=0,7 into £q. 7, we find that Ty=0.78 when E=0.7.

If it is desired to interpolate on area of effectiveness Ag, the
situation becomes more complicated, Perhaps the best procedure would be
to evaluate T (or T,) for all values of Ag available in this report and
sketch a graph of T (or T,) versus Ag. Then the interpolation can be
made by reading the graph for the appropriate value of Ag.

Graphical interpolation is somewhat laborious. If a numerical
method of interpolation on Ap is desired, perhaps the simplest and best
is linear interpolation. The principal region in which such a method is
inaccurate is the region between Ap=0.25 and Ag=l, and any errors in this
region will be on the conservative side. Therefore, if the results of
this report are to be used for preliminary estimates of weapon effective-
ness, linear interpolation on Ay should not introduce catastrophic errors.

Let us compare the results of & graphical interpolation on Ap with
the results of a linear interpolation on the same parameter, We shall
take E=l, N=40, O3=0.5W, OR its optimum value, and we shall find T,
for Ag=0.5. From Fig. C3 we find that T,=0.18 when AE=0.015, Ty=0.46
when Ap=0,062, To=0,82 when Ag=0.25, and Ty=0.99 when Ag=l. If we plot
these points, we find that T =0.94% when Ap=0.5. If we use linear inter-
polation on Ap we get Tp=0,88 when Ag=0,5. If instead of doing a lincar
interpolation on Ay we do it on /A (the length of & side cf the square
area of effectiveness), we get To=0.89 when AEa-Vo. = 0,7. This
latter result is in slightly better agreement with the result obtained
graphically,

If intermediate values must be used for all parameters, the inter-
polation problem becomes quite formidable., We conclude this section of
the report with example in which we evaluate T, for E=0.T7, Ag=0.5, N=lO,
and O p=0.75. One way of proceeding is as follows, Taking E=0,3, we
evaluate T, for the four values of Ag of this report when N=4O and JF=
0.5W, We use Fig. C3 and get:

L & E & x
0.11 0.015 0.5 0.5W Lo
0.28 0.062 0.5 0.5W Lo
0.65 0.25 0.5 0.5W ko
0.90 1.00 0.5 0.5W Lo

We now repeat the process for UF=W and the same values for the
other parameters (Fig. C4):
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'd

oco
K& B

0.69

AE
0,015
0.062
.
1.

25
00

E

OQOO0

>
5
5
p

If we examine the curves of Fig. D3 (for N=50), we see that linear
approximations to the curves are satisfactory in the range 0.5 <OfF = 1.
Therefore we perform linear interpolations on the data tabulated above
to evaluate Ty at Oy =0,75We

result

AR
0.015
0,062
0.25
1,00

dF

0.75W
0.75W

0.75W
0. 7T5W

N
Lo
Lo

Lo
40

Wg are now ready to plot T, vs. Ag to evaluate T, when Ag=0.5. The
is To =0, 67.

In order to interpolate on E, it will be necessary to begin again

using E=1,

Then we get from Fig. Ch

TO
0. 18
0.46
0.82
0.99

To
0.09
0.22
0.48
0,87

Ag
0,015
0.062
0.25
1.00

Ag
0,015
0,062

0.25
1.00

By use of Fig. C3 we have

JF
0.5W
0.5W
0. 5W
0.5W

zzzz!%

ko
Lo
ko
Lo

We again do linear interpolations on U F to obtain

I
0.1k
0.3k
0.65
0.93

Ap

0.015
0.062
0.25
1.00

E

JF

0.75W
0.75W
0.75W
0.75%

N

ko
Lo
Lo
Lo

Y If linear interpolation on 4 Ag were used instead of plotting the

8ragh, it would not have been necessary to evaluate T
.00," The result of the linear interpolati

#AE=0.7.

E e
L

on would b8

Ap=0, =
FOE s koo Ao
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Another plot is made of T, vs Ag to evaluate T, when Ag=0.5. This time
the result is Ty=0.81,

We are now ready to interpolate on E, using Eq. 6. Having To=0,67
when E=0,5 and To=0.81 when E=l.0, we see that m=0.67 and n=0.81., There-
fore Eq. 6 ylelds

To:g’_fg(o.srr) - 0.81] E + [2(0.81) - & (0.67)] E®
= 1,87E - 1.06E°,

Substituting E=0.7 into Eq. 8, we reach the final result of T =0.78
vhen E=0,7, Ap=0.5, N=40O, and OF=0.75. By a separate calculation, the
correct answer for this example was found to be Tg=0.75.

CONCLUSICN

The results of & parametric study to determine the effectiveness of
cluster weapons against square area targets have been presented and dis=-
cussed in this report. The method of calculation of the fraction of tar
get destroyed has been described and examples have been given tc illuse
trate the use of the material. The applicability of the data presented
in this report is quite general, since the quantities involved in the
computations are dimensionless &and independent of any assumptions ree
garding specific targets or warheads,
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Appendix A
BASIC DATA

TABLE Al. Expected Fraction of Target Covered by One Bomb

T A 1.0 0.25 0.0625 | 0,0156
0.25 0.6400 | 0.2100 [ 0.,0569 [ 0,0156
0.50 0.3700 | 0,1075 | 0.0288 | 0.0072
1.00 02,1350 | 0,0360 [ 0.0090 | 0.0023
2,00 0.0380 | 0.0098 | 0.002k | ©,0006
4,00 0.0100 | 0.0025 | 0.0006 | 0,0002

It should be noted that the quantity tabr lated above is fraction of
target covered. If it is desired to evaluate the fraction of target de-
stroyed by a particular bomb, the numbers in the table should be multi-
plied by the effectiveness factor E of the bomb,

Since only one bomb is involved, the delivery error O F and the

ammunition dispersion ¢'R need not be distinguished, and an overall
error O will suffice. The relation

P - PGP

is the proper way to combine U y and J'R in this case,

1z



NAVWEPS REPORT 7641

0t=N ‘0=9p
*UOTSJAAST( UcT3Tunumy °Sa pafoayssa( 4e8das] JO UOTIOBAI "IV "OI4

SHIGIM IEDUVI ‘NOIIVIAZQ QUVANVIS NOILINAWAY ‘Zp
g§°T 9°1 71 AR 0°t 8° 9° e 2*

13

CHACHLISAd JHOUVL JO NGILGVES ‘I

. R r e
- T 1T < i L
: : st i ARpe e
i ez
£ paassEs!
1 1 T e ot -
T T i o D L D S B ;
- et - "t T
- ) L
1 - 1 1 . i) 1 .
i kN 1, - T A - T — -
T b )y A A A e i
T LY B Il ¥ . b i
p 2y Al 4 ) Eay L PR BY b L
- 4 » T, B i Sy T " pm! Ny 1 (& Fd
s L ua o it n 1 e L A
T 1 r 3 = an marm e A
- - ; s et 7
: T et
’e -~ e T e r
L - s PRI — Z
i ‘ et I N i 1 I F o A
, : e = ph: : e
, : T = T st
T I e putirg KBRS o, % T L A . | +
; e H NS :
ia : : T e e T e : SoSpiasy
: ] R Sara A e N : TR 5
’ o e + Cisten: [t
1 T + ros Tt . 1 A
e A - 3. - - 5 A g i 1 1 14 e Dy
. T T \HLMD T I -
1 Il - - g " o e ) L
e 1 Ly - m L o, —l 1
L 14 1 > - 1 b % =~ r W3
1> 1 1 ! _L in I - e < . bl ¥ r
_ T Iasfspmnatatils ~—t et
). e T Il - — .8 —
1 T 5 I i N i r
1 1 i L e il —_— 21 T
T : = dvaaas = e L = s
S eunyaoeant =
* PREeayh v N - T + T ra
= =+ ESasas = e T e rd
T L B I § L i+ 1 s e powi L s T )8 PRSI, ~ | T v .4 i
T o : T T e —
o = = : ! :
L . e 18 I - &
I T T s L 14 -l t T T L —1 T
ymardi T e N 1 t T 1 M T e il
TIETE : : T : T
T RN . PO R T rmg n 7 L . n T - T .I.M
1 Y L ) ke — . ek T T I L o< b. ™ i i, 4 1 —
1 . — ] T . T 1 i i) - i -y 11X - 1 —_ § Pl
- FEN 1 hy Vi3 19 3 1 | < ) B B - X
: as = 3 = ; :
m.Olm - ———— — i T T T = s I " /ot ngmeny
Lned T L - e e L] 3 o b n e N
Srasre " Tetasare
e g 188 run - s I T " - PR
..ﬁ — .ﬂ i ) s - R A haMas RGNS ST DEp A HEhi AP o ey
B e e eyt e iy z
= e 5 SRS
O —a T = Spon b nam T 1 T T LT T ¥ oo Supaming pbahaick'
[ — ned ] s [=a)
by - “m T I pau . —
B3 EY.Fec ¢T00 = =Y + = ; > T o : s s By opaidazzat
Ne T man aa aymu: b = ity
i : — Eemaasets :
. 4 o = S E=
waxy jodasy (9T T4 =% Uz e T Ty
T M s T e J T <
e : ot SEEsRiaR it
o _ e : :
BaJy 1o30% 20 = T % : ; It
J R - n I —_—
= Fonrer : ST o
— 1t ; - el - - r [
B3 8dae], = T Zaay smaman: T L 5
Ry seneeas i = £ =




NAVWEPS REPORT 7641

oT=N ‘usz0=‘p
*uoTSJIadST( UOTRTUNEIY °*SA paiog}ss( 423IB] JO UCIYOBIYL *2¥ °OHIJ

SHIGIM IEO¥VI ‘NCIIVIAZA QUVONVIS NMOILINGWWY ‘“o
O. wo Nn. @t mo .‘N' MO N. . Ht O

Synasas T e T
13 T T
T+ Il - 1 + L
=
v iy 1y
+ 1 k_ﬁ— _F H 1
1 ~ t L I8 ) - - A L
g “I.r_ i * + v + + T
S L R
Dt ot s AP H sl
; Ay B T
- L N e L Y L]
Se it eyad iR s e Ak saiErpey
R e
= o ey ¥ S mf P Wy grnﬂql.l.
S e e EE
—_ — Hw_ﬂ =, Ll.r_ o I,._IT'IT..I
T +- ~|mw Jl ﬁC\JrJ_M< _: = LT
m g od . .thwu[W,Cn. ~ P
v In a
e e L
%q__.y fH ,j'”tm..raﬂﬂ.,ﬂmnru_a.u_m._h ol s
23t et S pgasda oo ke
faa: on i = e i e 5 :
o P T e T auass =
e R
e e e e
—— L
BaIV 3934w ﬁq@\ﬂv 9$T0°0 e.ma
waIy 30818L (9T/1) $290°0 =3y
soay 40318y (7/1) Sz'0= Sy
voay 783a8] — Iy
s*c=4d
0T = &

GAACHISHG LADEVL JC NOCILOVHS ‘L

s



NAVWEPS REPORT 7641

oT=N ‘#s*0= o
*suctssadsI( GoTpTUNTIY °sA pafoxysa( 383J8] JO UOTIOBIJ

SHICIM IZO¥VI “NOILVIAGU CUYQNYIS NOILLINGWAY ‘¥p

°¢

(<3

¥

*0I4

9°T AR! (A G°T 8° 9* 7"

I e g aaapp—s I a: T = = moman Smaas Suasy}
T Dt B R E st il : : : — e . Sty
Rkl et lie bttt =t
i —— . h ¥.J pi eSS
Pl et el = : = I I B
ey e M T
= — e
. : — :
1 — = = e — :
= == e =
: I

i S

= S =
oy 308asl (79/T) G510°0 = & 4 i
Baxy 393I%8] (9T/T) $290°0 = ¥ ==

woay 1edae] (7/1) Sz'0 = &

“ Baly 498Iel = &y () 1=

H m.o - m |||||

i S —

1 ¢”

L

CAACHLSHd 1IDUV] J0 NOILOVHA

15



0T=N ‘n=dp
*uoTsJadsT( UOT}TUNEAY °SA pafodjsa(q 188JI8] JO UOTAOBIL  *YY *DIJ

SHIAIM J40¥VI ‘NOILVIAZC QUVINVIS NOILINOWWY ““p
2°€ 8° 72 0°¢ 9°T 2'T 8°*

T ammayma T T Y TT I —. = T
s Tt L Tt 158 51 1 —t ny . ok
——i | qmﬂ L T .. 1 T 1 D - rj
4 — t

4

-

IAVWEPS REPORT 764

CIAOMISHG LADUVL 4G NCILovdd ‘L

-
T : T T 1 ey
T T Al i T iu e 'empa: T 1 T oty
) I " 1 I 1 T 1T 5 1 b + 1. It 1 IR 8
e e r Tl g T - 1 = LT
R | - 1 L I T X - ) - T - L
s L e s ) Bl L A e e DA W]
o A " v 1 " s
3 1 Iy - + r - o
- T = e
_ e e % — —_— Il b 1 1 1 1 e
: T T T oo T t sk ouned
- e T m men aa mem s e L e 'm baas: T + ~ = =g
s s t : s b e 1 o - WA bmamanay — o
- EETH T =T ey iy 2
T ) o |t o T+ wnn ey
LT e n e s ot T et : - °
1 —_—— L s 11 S e
——np Tt T T 1 + = T -
—— e—
,d It 1 “w - 1n—‘_ -H_ L"\H» 18 1 A_ + ¥ o ad — 13 b
M jned T iy r T tt T T i T yal Manws T T -
"y - T It s I =T = o iy
b e 1 Tt 1 ' . = b T o
K 1 - o 1 W ¥ ~A"\ H
pone naandiy : : 2 T e . =
- = ik 1 T Iy T e
. + e
b iy + s
T R bt gl N., gmual X -t
T T - ¢No
+ i
T Wit g pamu g g Tt
H L - T
o EHEEEE R
: I ] :
.J” { T TF - ;
-
I PR =kt 1+ T = "
=i e ; T
pldeniorn k& b mepd inbiyan T T 5y 4
T i b 1 F== : 3 I
SR S
LAy - ITRemy punay
i abeke vy gl 2o msuedkitycolan oo
ewrudel by 1 .
! R ynaneq beimmyys: 9 peay nw
[rE=e g wa ol !
{Jl. - - + Ty
= T
e s gy TSy = o
v e e "
jr T = LIS - imy preas Smph phe
BaJdy 49818l (79/1) 9510°0 = ¥ 4+
BaJIy 403I8] (9T/T) 6290°C = v .
(9T/1) $290°0 = mmq o
- —
Baay 302xsl (Y/1) S2°0 =¥
[ p—
¢*0o=4d
* —
o°'T =14 o1

N

16



71
o4L

7

PORT

NAVWEPS

oT=N ‘fe="»
‘uoTsJadsI( WOTATUNWEY °SA pakodlsa( 383Js], JO UCTIOBL]

SHIGIM LZDUVI ‘NOIIVIAZG QUVANVIS NOILINDWWY P

7 € 4 T

QY *Sld

IS S8t e 1T . - > P
T T B T 7 T T =
ha T L 1 L A ¢ T i g o ey . 1
1 Eesarecnles omas 1 T 7 jerapa.
T e T p—e e el
" 1 : i 1L 1 1 + pt ISR I pr
1 1 T I 1 - »1 T T > Tt ot e aan + T
T T ot T T ——— 111..4;\%41 =
T o : o1 1 T -k " 1 1 pom: lHNli- poh =
t : = o
n T o T . e janar
1 T 1 e T
gy euans TH 1 T : 7
T Il - e
16 it J. e
f. H b\\w y I o~
S u T Tt
g ;
R ] . = - -+
FEsdsaet e mamaszes
)i i -
Mt . - :, + - I
- - i — " L
1= : = ;
v § Dy oR ! B ol U W S
: : 5 :
i et 1 A i 1)
Ly + L Al T = —
L H T Tt ; Iy ; T " o) i
sy | o 11 I |
i =133 iy : e Eqmoannaame
el i ms i T T t
¥ annbeli : easls
o ey 3 + 14 =t
TRy e e
: e e
S Aeta ki S sal gl Ly Emas AP sunn]
: =2 135
s T T e e o
T IS . L
Fo=ds TP e e
=32 o ey Sevirnd g o irs g : = =
D el L e T e ,M T -
oy o s imae: : 11.4J4
3 Sopg swam s o by
prsiem Sunplly wuplaril S N SE NS fr_ 'T[Il..l.r.
+ . =
; T
e ey  Fiaay Ly ys v
= [) TR S iy s b s ey o]
pibey = mapiey ey el fufsesdir mmmeplrls d-lrwny I
. e Y g e i g mn 1 T t t
T oy " 1 iy -
iy iy ~ pul r ndag) I
prevendy Sapindat mpnyel Sriiali ! poty rn ! s T
- E L] —
BvaIY 103J8] :.@\.S Q¢TI0 =
.
BaIy 388J8] (9T/1) 6290°0 =
;
Boay 3aduel (V/7) 62°0 =
G*o =
0°T =

QLAOHLIS . ¢ LALEYY JG HCILOVHL ‘L

=0T

Lt




ot=8 ‘ur=%o
*uoTsIadsT(@ UCTITUNE@Y °*Sa pafoxyse( 495J48], JO UOT}OBIY QY "HIJ

SHIGIM 1FD¥VL ‘NOILVIASA CUVGNVIS NOLLIKOWWY p
8 L 9 < Yy £ 2 1 0

PORT 76h1

17
d 3

NAVWEPS R

i i + uy - IR RNy SN 1 —Wn N m ISehEsARNpESER DY | HE W S b o
T o
i _ o T 2 HE =i
mn e T T e T = ) o
imama TIT ’" T T
T 7 T Tt s e n
T I ] T - -
e i
T T I T
. 1 - i
T
T
T 1
) L +
T
I 1 N
+ + !
T T < 1 T H
-t
R 2
T 1
t T
T 1 11
T 1 1 < b 1
; L t
1
o T
e o .u_ ; - T T T 4 s T m - :
T :
I TE T : 1 =
re s
e v t 1
. : T T 5 aaym i :
ywas - 1 I
. ke + T T s + t = — t : et
! [ -
i T vk | - " f T i T T t ry -
o o rﬁllrr t Rk I " 1 i T ; Y 4T, bar
r 1 " I
— I : T T T T ] S 7e
o T ¥ immas) > T T g T T rnau.
t i T T It T 3 T t 1 ke
Fird rpaiin; g i g icu; 1T I+ iNu u b T T : LAY gy L
T T L1 T I T H A i1 by - 1 - Ny )|
: T " ST : et 7 + et - " T Hit o 2 B 1T
bmary miiaymoy > t i 3 Y e o1 17T + ' t n [ ol
T e e bR o e 1 ¥an P e e ieamsae: Tt e FETemeas,
t Y . - 4 ¢ t +
e rind e Ll n_lﬁ” N - el o’ . L ) I bl _1.Pll.
- + T * - * yms + -t .
T _.,IHT,l.rJL._ ;.,rnl T T = 12 T b B e T imands =t + et II.II.WTIHII.H.“:L._..M
—Fr = jah parm v T - i 5 fyrns i Bk mig -
e mavaakay uHT}Af [y : o pa ; " T - : rag: : jas = T el . sy i 115
yuu 3 ™ b T THT RN hrwma ¢ o L I A A T T s pasn s
T T+ = pal B sy SO P NI Ny T o ol it T apad u : ELE T 1 I B o —
bt I raain sl ad il el i 3 ey ik 14 T T T I " ] ha pnh iy =
e e T - it . o —r T I ' I B 10T i i3 1 inan | - ~.w.r...l.. e wiy wy »
: wimnd asud 1 hi : bl 1 £ t un mme had d {iders = @
T : y et : =y —t = -
b ST ST o any S Sp s R ey s et jases e e g o pa gk e raet Pdpaukie
fijapepnr i frmanals E L] i n T IS M
il e b fuborions i : T I S B g T T s mn T fpmnind
= - ,ﬁ oy forme T T “. 1 e 1= w|.r_ “.ﬂ I 1 L amats —+ .._.Hl ] § b bt et
=3 s nawe) bl t s A Mo Bt tes @ams ey e TR e A_U._J.I.IIJ trrbe Do
sl T ety Wi i S Ipnn g Ty - v Ly i : aeay i 1 5 T o e ot T wITrLTho 11
" e qrepd popyd FETYS Srwnl 4y s L Trdddedis T T CaseissavEssac) - 1 b e mintoping b b
- I T T .
<3 Y ! T REaama T s LR Eety febat b tes
BaIy 84dds] (79/1) 95T0°0 = =¥ + = Eass = Exsces inscazes PRI Froty i
; S s e aseni o, e da AL AL o
voxy $9das] (9T/T) $290°0 7 v : Trerh et e L e T e
s ey in o s 1 T T e Ry wo
: L S I 1my T . 1 T
[ ] w—— m. —h T ol 1y T e T n T 13 B iy =
veay 988Ts] (7/1) ¢2'0= e R e A T
EEE e e S
S B A L 14 bus + T 11 b jual nPube ok 3
Boay 308g8 = Yy ') e e T e H RS e e
— Iy .
= = T a 5 s s = 4
yumy e s ! = Tt
m.o m I+ = ke - = yu ot TE ..To.“.Tl.rr_. hn.......f.‘.,L..l..
j e 4 iy R ‘_ T 3 Iy .I.o.« +
[ +  am }-+ - -+ = Enand
» IRSA Srwas cawe af T - prasy T Tiw svadt=l ol ob Ranas
—- m mn y iy . T T \B S REBE] pu | I PRDOA pateh
== T I 5 8 Do N s 1T + et 23 ooy Posie Rl
1T AT L - LS I I rswa banwabhe &bhon; uila T O.-H

QHI0NISAA LuDUVL J40 NOILOVHI ‘I



NAVWEPS REPORT 7641

os=N ‘0=4Yp
euotsasdsyg uoT3Tmmmy *sa pafoaisa( 398J8F JO UOTIOBRXY *LV *HIL

SHIQIM IEDUVL ‘NOILVIAZC QUVANVIS NOLLINOWAY ‘D
8°T 9°1 71 2°T 0°1 8° 9° 7* A 0

. B

unias naoen vy r g O
i ; + i
. s - tt o,
= s H T Enamwas T :
- b . - I e 1 v
i br 1 =t T o+
. = ama T t Tt f - t trr e T
; T ; T
; T
- + H " A &
T . 77
T T ; v i
masmar: T — : it et ; : e e 2o
et avt s T Sty T Ty +—F
t ¥ + = ITean sama; T : e o
- r 8
s I it — -
T .8 r3 ¥ T T 13 T ot o 1 - T T T ¥ + + W.\l
=+ T .. T X — 1 e e 1 Il Gt : LI F ry A
T nas IBNBS Suasuan : i ' 1 3 ~ y i S | L]
- i = s 2
. e mama smne e Am: : ; T - +
B3 33X 0= -+ e aTaas; T T Sam v Snas Shin
— NE ) EEmE ROty - L . 3 + L] ;4 e J
. oo nu amawnou: Hrtte e
. T T - > am ) ] I ot | -N‘—th‘
</ . t t T T = |
4 - " T 7 o~ Ta 7. o
wady ge3asl (7 /T) $290°0 = mq \V/ > s — e P
+ T —]
v ¥ i ~
w3 adae 0 = v : e : 7
e il . I - I | — r
1 1 : T s =
. o T T g s ¥
- T . t f T ra =1
wo adael = _ _ = f
3 Al . wd . 3 1 . ] - 1 I — P4l r o e i Y
" Tt I ¥
Amn s T 1 e ty -N
una sem e s T LT T
L] _— —— —— > e v Ay Jl“wrnwn
- o O I ) L bu ’ o
o 3vme! T ; # T+
manas 1 7 s
. T ; 7 i
o — m rabi i . T I rm -~ r 1 A
[ = + + = T £
it =t + f =
pau g T Tttt T - T * ) s n T . T ra ¢
T 5 SASWE S & B LR & ans YT T Tt " s e L1 = I
o= v fnecemsasa iz s: T T ; : L T { 11
17 ; Tt + 17 —H : 1 z T N T 1 i
1 T + " w ¥
T + T T £ T
Tt T 0 NG . S -
e z T x =]
" . NS = ¥ i 1 o.
LN =
o T o =k
— - ; — == i == =
1 g ¥ ',\II'WI . -
Feste = N & ey a
T ik |
T > h Y ! i 3
-~ N T v o
N 1 '’
¥ & r 4
2 F | J bl
I + “ T -h\ ¥
: - =
] T foo
T T
; v T
- Lo L™ b, Y ! 8 - -
+ g 4
¥ - 4 w.
- = =
s 2 =F
— e ]
L ' mn 1 *
L 4 4
T >
* i
o o — r = e
— 7 ]
H Pd T
 — — r 48 i Sy
T T S y 2 "
3 T a: =l
< W 4
- b — S— 13 - =1=
1 1 1 —+ . . + ne
b 1 1 - = . - T 1) L 3
X I L o — = it e T o H

19

QAQHLSAU LHDYVL J0 NOILOVHA ‘L



05=N ‘Mz 0=%p
sucysaadsT( UCIFTUNEMY °*sSa pakolysa( 493948] JO WOTIOBIL °gY *DIJ

SHLOIM IFDUVI ‘NOILYIAHG QUYGNYIS NOLLINMWGWY ‘%o
m. w. Nﬁ. o. m. Q. m. NS H'

NOILOVHd “I

o

[\ 0

QIAQULSTEQ LEIUVL

NAVWEPS REPORT 7641

_.
:
} +
5
o b=
vOJIY 303J8] 3@\.3 95T0°0 = H H
T -
woxy 4938l (91/1) $290°0 = &y v : £
-t ~ -,
™ T T
BaJxy je3xe] (7/1) %2°0 = °V d s t z
T 1
— & :
By 393JB] = %y O 7 H
11 nn
: ?
G*0 g i
— —— e
+ - _ I o H
1 T
i 0°T =19 !
— 13 1
T 1 I
!
I ne | A 1T I
BEBaN
" Al -+ 1
- nd
1 "t
skt
- m 1
) - v L.jl 11 ol
1L 1
T Tt ) B 1 +
18 L i 1
§
4 d 1
" _ = e
) + ..P
I 1 o e T
: ,
T = - H 4 *
ue 1 o L1 .
b n e -
I 1
= T
T 1 . X
: ] 53
E: ] : : iiieatoan Pt Snesa:
r’ T T - T T — hat SR *
1 i 1 ki
T T ” 1 T T + T e )
N - 1 - IHWH
-~ i '
an N e T : . A_WIF
1 8 - 1 1. 4 e
T T T T e
i hd L | 1 poat g i i . 1
: e ERi sodnas i
I g - T o T
- 1 4 ey ) ’e el 1 } g
> sz LT Seaa:
T SRR et e e T > ! =
> - LTl — IONRES & e 1 L b s i AL e

20




06 =N ‘MG*0=dp
csuoTsIadsT(g UOTTUNEMY °*Sa padoagyse( 3e8ae], Jo UCTIOBLI 6V ‘DId

SEIGIM I4DHVL ‘NOIIVIAGQ CHVONVIS NOLLINUWAV 2D
&8°T 9°1 71 rAR 0°1T 8° 9° we rAd

(@]

NAVWEPS REPORT 7641

21

s ! H
3
“ } - by -
' e TELL - » a
1 2as 5
-« — M.q
= o
BoJdy 393JE], :o\d 94100 -+ t R T A R
ey T 11 -
. & : < i ears 2
waIy qadxsy 1) 6290°0 = 4V 7 : fass X A
", } T - iy -4
+ e b
waay 133asl (¥/1) ¢2°0 = 0 e ! ; izt
3
3
Ba adas] = :
5 et aae :
moo =9 ————- - e ?
7
1
i § .
O*'T=8¢ —m 1
M I
T T T *  mmEnams 8 U T H
u T TTITT T Ty
T T a T )
4 + oy
- ] 4 - -
18 1 1 - . I k'
L - 1
1 1 e - ) 1 L. = +~
1 1 - L A% o
1ol 1 H T r'% 2 Y -~ 1 Lo bl b
_ T e T T
L 1 ] I\ 1
(111 I 1 ) L = * e
: i : = =t
i b B 4 L
_Hmr.lﬂ. - e 31
T. I 1 h > + T _,.M +H — T — - +
-
S ! " T g wi - v 1
Ll T 1 . ) 1 (-
I Tt T T 1 1 T my T TIT T
b T 1w T T T 1
T x - -
I I . I - 1 - |l
by T T T T T M L
I T 1 L r 1 I T m r
¥ 1 + T T " + 1 «_ T Y -_ IR i L A qn . »I“ 13
H
L T e n i T o
T — .H T T 1 1 LLT - - $ »ﬂ + Im| L
T T : ey eek e s ey S aana T o
isyasn T 1 yus T T Tt TS bo=ma: T o il
: ?
T + + p e - T L yui 1 p_llhu
= e : 2
. T T 1 T I 1T ’ LR i S T T e
Ee=ales _ o e ea I i Sisiimenasees
T 1 T - et t ot T . - e
T 1 T 1t pas g pirktud Aok wwnng 95 aEH
Tt i i T t 1 T T T "y - T rasej nm J e Yoo
IS ENas e 1T - ol 1 1 skt 11 JREN ISV TNDSEENEN fune L ISERERREY BN LR RSUReNal

GARAGHISAQ LAOUVL 40 NOILOVHd ‘I




- R

PORT 7641

NAVWEPS RE

05= N ‘n=4p

*uotsJadsi( UCTATURWEMY °®SA paloJgsseg 1938a8] JO WOTFOBIJI °*QTV "DIJ

SHIGIM IADUVI ‘NCILVIAGG QUVONYIS NOILINalWY ‘¥
9°€ 2 € 8°2 742 0°2 9°'T A g* e

JHAOYLSHC JEDUVL J0 NCILOVHI ‘I

e \ o RS 5 5 D Gy 0 IBRANAYAuRGaEE SRS SR NNSS 188 + s B
80XV 333J8L (79/1) 9¢10°0 = ¥ = _ TR agmsissstemmaes
L (79/T) = + i : : SefiEsRds
I THT nm
] AN F A — : ] i b = H
BaIY 384J8L (9T/T) %C90°0 = \% : T Sisestataseiian:
A ‘ t THTr
woIy 9193a%], (v §z*0= 3y PR ; : HHIH 2
39518, T) s¢ 0 fRasiciaEs R L L
++ s B
Bay 3818 =44y O et 5
= T
2 : T Seassams
m.OIcl m —— e — et e > It
e 8 . =
- 7 -+ i
- — :
C°'T = d i
- L1 .. " -
+ T — T t s et
L x 1
g
e i
- !
LI
{ 3 T-
- = Iy 1
: ,
T H
vl - " 1 J.
5 ¥
X I
T 1
—+ 1 1
- S ey T a
bk .
: ;
T T T
T i
t : A A
- i re " o I
3 H H b1 b - i 4 )|
- e T T
T T A 1
1 A —
; r 1 T 1 =
T - = x| 1
I 1 &1 e " -
Ll I 1 - T
£ 5 i T = _
I i - - iz :
= 1 e 7 e T s
e - 1T
I 14
T T T - 18 3 T S - N s
- 1 1 |
T 1 T T o RN T 3 11 T
' T T il = Tt Ini A8
P
11 L T s 1T T IS A
1 - . L 1
T T =
e 1 1 n —
L = I . . Iny
AT ) b < L
L i -, —_ 1 I
- 1} I e s - po — I - T
3 he 1 mm 11 re e I —l
. . " = - 1T il BaNi IDaN 11l L i 1 —ke N e WS

22



NAVWEPS REPORT 7641

05=N ‘m=94p
*ucysJadsf( ucT}runumy °sSA pafoxjsag 388qel Jo uoTIORIZ *TIV "DIX

SHIAIM IIDUVI ‘NOIIVIANA CQHVONYIS NOILINOWWY ‘4o

7 £ 4 T 0

tinaiiea Cooifiaatioiisrie , 0
= i s :
g i
e

iTzaesaes: . Hrt T
s 0T 1 —
: ane! T o i Hee i s >
T T H T .= + o mawas T e Seira
saas P S iien i L aSSs i hnan et 2
-t .tn + .ﬁlll b o
5 oy et
T T + H }
T " - n
:
n: " ,, T
==
aagat ; Eeela :
TP H .
= T T . ; rd
+ :
N
it : s
= T
3imsgmenrsconeastent Lo e =
1 - TTT Enon.
San : 1 a5 T B
1 : : aziiiis A
H : +
Togat 1
[ !
; :
: _
+ :
. 1
s t 7

T
1t

T " 1 l

3
1
£
E
[1
- H
it
it

]

By 39848L (79/1) 9510°C
Baay Y2348l (9T/T) $290°0
‘Bady 90338y (/1) 62°0
BAJIY 193J8] -
G°0=F ————no s s T

_
T : - :
oy — s - e
0°T=4d e : : e e e e
1D oy e - + ) L ISAREE B H 1 L} T

T : e

it
FELE
obO<+

AACHISHA L4O¥VL 40 NOILOVHS ‘L

1
k
- T
T m.
+
T

L

{ T bt o.d



os=N ‘mr=do
*uoysJadsT(Q UOT3TUnMMY °*SA pafoayseq 408xsl JO uoryovII TV *OHIJ

SHIGIM 1ED¥VL ‘NOILVIAZQ QUVGNYVIS NOILINOWWY ‘b

NAVWEPS REPORT 7641

8 L 9 ] 7 £ [ 1 0
T 41 T T w._ﬁﬂr.r.:_”-ﬂ G eARR RS HH t T =T o
= 7°
B
B3Iy 193481 (79/T) 9610°0 = &  + _ s =
waay 30838] (9T/T) $290°0 = WV S
waxy 90818y (7/1) S2°0= % 0O S
waay qedxsr = & O S
$*0=8 ————- S
0= H _ S

0°%t

QGLAOHLSAC L4DUYL 40 NCILOVHS ‘L

24



NAVWEPS REPORT 7641

00t=N ‘0=%9p
sucyaJadsT( UCTFTUNTMY °‘sA pofoxyss( 388J8] JO UOTLOBIL °*CTV ‘DId

SHLGIY JEDWVI ‘NOILVIASQ QHVGNVIS NOLIINWWY ‘p
§°1 9°1 1 21 0°1 8° 9° 7° rd

25

C4AOYULSAU JADUVL 4G NGILOVHA ‘1

, T T s T T 1 ' T ™
T > s 1 $
a T 1 + s
1 i) > i
+ f
+ T
t 1
T
> 1
e * =
< T i - X -
o Ima) W 8 H
T ¥
Tt 1 T *
Y H ]
LA T 1 T ]
HE 1 b T p &
+ 1 it f
T e I o "
1] ke 1 1 e a4 2.
t 1 T |
- ol H o
Y 1 } £,
T } 1
T T o A“w
s T
i L i T1T 1. N ——d
man T 1 T T T e i
L 1 T ah T el
i I T t . T T T + )
- t 1 ¥ T t t - axe i
1 T T T T T THEHT f T 1
1 t 1T T o
¥ 1 + ]
T >y 1 L 111 i I 4
b TIl Ry 1 1 T - r
I 1 1 1 e pe
4 1 H 1 r o b it
Ht . = + Y - gt
1 4 nea = T = = 4 !
ao H } ¥ = To
+ : : T T t naneasnk sne
o e amun, } ; S T T T 7 Fu ol maw
T t 1 +
1 N 4]
By 323T8] (79/T) 9510°0 = &y
— f 1 ¥ A
+ +
TPt T + s
T 23Ja% G = T
aad L - + 1T T i 4
f T Y, Seee]
vo o3I °q = = £
= T T
t
' ¥
+ tm 1 ! y s 7
BaIy je5a8] = : i ;
= + T
oa) ome nasTena:
1 - T
T s Ty F
L] — - — - T T  ig
= T + e T
s - — 1 L P §
1 . —~ 1 )
. t = T T
D -H p— m t ~ T anw o |
— 1 f-r.
T T it [t L3N
T 12 0wt n e ey g T oaus =y poa ceuns seunnnavs o 1 Y + o 1 e
ot oot adl sabud sanmanaas I N T LG
P 1 —v_qx —H —n ,-. . - n )ty T T ¢‘P T -f
—t e inE duwmd Lans ymae Ty ms wepmme. -1 . T ) Bauuls S
1 1 11 1 . | T . . T 1 2 y = —
——r i - LS 14 3 . i ) S e r i Nh
- 1 = T : T :
- . j = + I I T 1 - . 4
b poe Iy 1 —— | - . T A y
T I ¥ T )i 3. -— -l — v 4
T 1 T 1 " T bl 7 oje andal el
; T L Sy yumni 1 1T T T T T - =3
Sud; i 1T =T T e = T S~ T s el
— T - } ; T = ~£
T } t T Pt ; T 1
T Hro T s , SEreTesmmse S et
S a4 T - ot " o T - NS SR Ea e wES HuRI T =t
jonasons susas T - ™ 1 rEs AwamTnt e eaEnEBaYy I s T




00T=N ‘msz*0-%p
*qoTsJadsT( UOTHTUNWMY *SA pafo}sag 308I6] JC UOTIOBIS °YTV *OIJ

SHIQLM LEOWVI ‘NOIIVIAZA CHVONVIS NCILINWWW ‘%o

m,o Nso @0 m. ..N. m . N. ) H.

AHAQYLSHG JHOYUYL JO NCILOVHA ‘L

NAVWEPS REPORT 76k41

: :
L -
:
_
:
} »
:
: :
:
:
= 31
It 3
T
5
B3Iy 405I8] (79/1) 9¢10°C = dy + ; FH :
b
= & sheatis i
®aJay 393J8l (9T/1) $290°0 Y Y P
1 .
q :
waxy q93asl (/1) $2°0 = 2 0 i : ;
2 Y = dass s
- 1 1
1 gt et
BaJY 193I8] = ) : faamras .
+ -
:
- =t
0= 41
= —_—————
_
:
0'T=4d ;
= E
:
T T T T s e gustn e =
| 1 - b T
e i = LY 1 T
1 1 I
T T +
o -
: -
.
T 1 Ay 13
N 1 T L T
: ;
T T " v 4 s
T T T 1 T T
T - T "
3 + " -“ w —
' 1 + 1 1 i
i I8 ry T 1
3 T . i T
- e
b —— +
1. . v
H 1 - e TIT
T - I i it W
T . a m - - mupy | T e T
T + T - - . - Hodr 1T
1 ' 1 14 b - - 1 L - 1 M
I . 11 . T
3 1 T » 82 "y T " T
4 N " ba JES 84 — 1
S e - ok M 1
e I = 1 1T P Tt
—— e T T 1
bt o N 4 1 - )i 1 J 1
Tt T T LI " T -t i 0 . T




NAVWEPS REPORT T6L41

 o0t=N ‘msr0=-9p
*ucTsJads( UCT}UNTMY °SA pefodysa( 388Jv] JO UOTROBIY °GTIV ‘DI

SHIQIM IEDHVLI ‘NCIIVIAZQ (MYONVIS NOILINGWWY ‘Yo
8°T 91 1 1 DT B8° 9° i Ad 2 ]

v e 1 v 8]
T =
+
T
T
t
:
t
:
-
I -
-4 1 ) + L1
= i asEa:] muavie
: H EEYTaEn
1§ - - =4
F 1 wa . F pary = Tyl & ¢
T T + == mmpd s L H
A_ I T 7 Iy o 1 i
s 1
f " £
T 1
1 )
1 san
: H i aaw
! s, ¥
T 1 1 T
t ¥ :
3 trt
¥
=t ] T T
1
—t ma 7 + -
: T .
T 1 =t
waay 3e3I8] (79/1) 9510°0 = + 5 ;
- T i
I . T
. T
= H
BaIy 483J8] (9T/1) 6290°0C = V _
— 1 T AW &
P ubAL =
23 = & : : : HoE =,
K L
BIJIY }O448Y, AQ\HV 620 = Y O : : A
a =5
S
88Xy 03481 - 9y O Ee =+
- Hicrs .
H
. ; B T H
m O — m [, n ¥ amaa¥ains t
= oD
T t FF T
o . S H AT
o't = e : : i s
T u T yanmas o et Tt
+ . s . T
+ ; H 7
I 1 1 1 1 I
¥ } T ] e s
i A} 1 e e
T T + ¥ 1 R
Tty )y b
I T b " iy 0 b m.
- 1 +
- 3 srun T . I Fd 3 = T
o oradipe
H T =
[+ ] 1 3ol T il
1 - T g Al i ——
" ; == T :
+ T 1 1 ST
i + — 1 JHJ
T
= n + ” ]
3 - A T Ly T - 1 ——
N P i e 0NN R S
g PRy
T H 7 amany) 1 fr
T ey 1 = 1 — R ] T iy
=, ow u% t =t avama: 1% Aun AR RA Y DRSRE vwwm Tt
’ L] 'y QN B nE-SnnSANEE 5 IR ERENSGE AN L 1 :
T t g w3 1T oL " I IS aN BEE B DSE Pk . rouas OOH

27

(A0MISHA 1ADYYL J0 NOILOVHd ‘1



oT=N ‘n=p
*goTsaadsyg ucyjTUNUEY °sA pafoayseq 3848l JO UOTIRELI 9TV *DIJ

SHIQIM LEDYVLI ‘NCLIVIAZQ QEYQNVIS NCILINMIY ‘%o
9°¢ rAd g2 e 0°2 91T 2T g8 7° 0

ina spusnas -
H + t T + d t 1 s banwn NU RS An
+ T T ! ) e L
1 iy 1 u Aa Bk 84 o
+ T 1 T
T 2
s 1 Tt SN 5
T nw T - T 1
T T - Tk
I
T T = - y s 1smme o 2 put.n
" T 1T T T uA AATWEAS 88 AEwR: = ar ki
- o
R peT e v a
r 1 e 1 s yowa
T 7
T T Imaw T R
- L 1w
I T I % : : T Ny )
1 s e = ’s o 4 L]
T T imn T T " mer o T
T T 1 : wan) T auver k'
T re v mn IEES) T y.
T : - + - 1 o 1 et
T T
+1+ 4 + T T T T t =T 1 il e 57 M
3T T 1 + T T T et 1 p Agr s i
rand T T t T s r T It I >4l §
: t 1 + T + ra AT
a1 T 5 = pa v 1 e nav.i 4
= T v ooar 8
. & : T ST
BaIy qada8] (79/1) 9510°0 = ! > : I : ;
t p-. 1 t
m Hq T 1t “. > W T
— T ! T :
waay 3e8a8l (91/1) $290°0 =y : £ e R
i ! — ra
- I T W iar 1 T L
s swhrm i B 4 r ame
m - Y — T T, T 1 s v D
BaJy 305a8] = H =i = 7 :
. "om: yow o aw Laaw, T
.y " : n
T+t + 1 T Y i
Bl 23I8T = i re mas I v 7 T
[ = <Y T T s 1
w1 T p 4 4
v o) s
T T rreyt
° I ! == ase -) oL . s
—r - —— e — H v auk
m Q= o T T i 1 ¥ dyen
T T " 1T T
! 1T T T - : o iy T
. 7 me . 7 e —
— T T H ¥ 4o >
- I pu) T - ry r el - e -
Juar 7= 0
T )2 o amn eunag T t T e T i Tt - T. 7 A
¥ T T T o T T — T
. = + am s 1 23 anmwwas I *wuw
ns% gas XE e 3 sy i g i T yms amm S o,
et bvm una * Iy 1T T LT i i " 2o
T T s Enams s 1 T v
% sam T *Roauds T T T aw i 1 1T 7
7 T ; T Ty n L
T : - re o N s r ps s Ipaaanays - y ama =
inzas) " e rt T f 1 T ol swn 7 . o
T o 1T s s wasen et i +t Z e
wum Ry + e wamma - e g p
A D I T ; T W AL .S 90 makHl SR r T . 5
1T e - T T e &b FRES S LSS S S0 I n "4 puncpos s
A e T Iy HISNS B T i — A -
" T - T : et m t — 4 =
T u: s 1T ‘e 88 ERwS A L 1 T . A —
S = i 5 om s ae: NSRS rmms ymad SN pEE S 1pow ram > b e L=
T T t - s T
e 1 b -as e yma Y I T " - amwwi —r =t mo
2 1 T ) o= 2 T =
T s I At T s -
T 1Tt ' T 7 L= =
pnn 1 n 14 T T X e . 7 = : = i e
wy T 1. 1 + 1 v N e e
S 1 b L el
L |4 4 T n T b : — o
- : ; ty T T e
— T i mithle B Y e 2 I +
I- run T ot —
T s T T s —— " pmares
T T o T =s T Ir ! o ] sy ol
+n wwy SuN T saswsl I o msite -
T i o 1 - SuEs A NEE) o T T * v T i
- 1
trit n T = T
1 pan + T + — T — — o o —
e T T T ITC T "oy —  — o] -
wasan T I - | e T AN FRN RS STy rum 1 B owEY ol
ne 1asana T yan t 19T S Ivnnsus SN ERERT § RS bnmaanane L ANYS SRR IRSURS smes 1= e

NAVWEPS REPORT 76kl

2°1

Untd CHISHU LEOUVL 40 NCILOYHA ‘L



PORT 7641

T

HAVWEPE -I

%

ooT=N ‘#me=4p
*ucysIadsg ucT}runuumy °sa pafoyse( 303Is] JO UOTROBAI LTV °DIJ

SHIQIM JEDUVI *NOILVIAZC QHYONYIS NCILINOWWY :mo
' 4 £ r4 1 o}

T T = R T FanaaaNy N ENNEEDORNS SN E N RN T
e LT =eSSSANENEY PO RN < BRI 1
T +t T = L et
‘ e
T L T Tt =
A § L
a T T T ¥ 2 i T, -
=
1 .irl ] T T
¥ 1 w . . 1 T
: : s 8
“ T = T = T =3
I e i ¥ IEmREANg RN ya -
! IBERSSes X - g T T
T Tt Tt I rxj
: :
T + ¥ T e : ; s o 4 s
T r T T + Tt =
1 e . T T )
< 1o : : : ¢
1 - T T T -3
Y It e I ~
- ot e - ; ¥
: : : = 5l o : =7 =
4 T + V=) + jo
: :
nd T IR I L1 I -
i sEEa = : : : 3
: + + e L L _4
) 1 T 1 Y ! =
: , =
I 1 T w b 1 < 1 1 I s
= T 2 =
t M HT Tt =
" T o Az sanara =
} mandasiees: maaaa : : : T3
b Y
: e e e : £ ~3
" L Ly — MRS 1
A " T 1 T
:
: Tt It E5 = 1 =}
1 x T T ”Nu
T LT T T T ry "
: 1 T I T oy T n
e e I8 I T 1 Lt
T T t 1 T T iaan ean: —
= = : : =3
. : jan= : b T anaa nu: o T <
— SriasEaruas: =
¢ 0=9q4 ——~—- T T HH o —H N
- T T T -
- jupa i e 1 + 1
DIl e Y R T T T Y T T
OGH — m ] e T T 1 H-= T o T + b L=
S maty sespamasa i : :
. Ve —— - M padssnann JEnnseewe .1 L Inam . fw]
— EETHTHT
waxy 3938l (79/1) 95T0°0 = <V + : : : _
+ It 1 i N
I I 1
wo adJs g = & =5 iast! astlsE
—] I T L T a I TIT g g
: =
; :
wogy (o3Jas g = &y S2et T Rasachs! s, :
- , S e T e T
1 - 17
gaIy 9e3J8] Ilm¢ = e R e et
3 : T R
o ; T ST O.H

29




00T=N ‘Mr=dp
.ﬂo.mwh&mﬂn TOTFTUNWRY *SaA u&hbh..«mon #@m.ﬂ.ma Jo uot3oexy °§IV ‘Did

SHIAIM IEDYVI ‘NOIIVIANG (MVANVIS NOILINWWY “Zp

VEd ‘L

the;

o
i

T
1

NAVWEPS REPORT 7641

CAACHLSEA LADUYL J0 §

8 L 9 4 7 £ r4 L
¥ SEades S eritiiaessst i
T X . o ; _;.W
By 38581 (79/1) 9610°0 = &  + :
waay 323yl (9T/T) 5290°0 = &y v :
woay 488 (V/T) SToo=H O i e
waay je8mmL = & QO e
¢°0=q ————- : i
0°T=14 T i “W

30



NAVWEPS REPORT 7641

Appendix B

OPTIMIZATION OF BOMBLET DISPERSION

TABLE Bl. Optimum Values of Fraction of Target Destroyed
E=0,5
N=10
07\ Ap 1,00 0,25 0,0625 0,0156
0 1,00 0.62 0,24 0,07
0.25 0.86*% 0,48 0,19 0.06
0.50 0.68 0.32 0,10 0,03
1.00 0.35 0,14 0,03 0.01
2.00 0.1+ 0.0 O,02% 0,00%*
4,00 0,04 0,01% 0,00% 0,00%
N=50
0 1,00 0.95 0,66 0.28
0.25 0.97*% 0.87 0.52 0.22
0.50 0.93 0.70 .33 0,14
1.00 o.7T4 O.k2 0.16 0.05
2.00 0.43 0.15 0.05 0.02
4,00 0,17 0.05 0,01% 0,00%
N=100
0 1.00 1,00 0.8 0.6
0.25 0,99% 0,95 0,71 0.35
0.50 0.98. 0.84 0.53 0,21
1.00 .88 0,57 0.26 0,08
2,00 0,60 0.25 0,09 0.02
4,00 0.27 0.10 0.03 0.,01%

Values marked by an asterisk

or extrapolation.
widths,

values pf T for which

The quantity

*) were determined by interpolation
F is expressed in units of target

The "opiimum values of fraction of target destroyed" are the
TR is optimized as described in the report.
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TABLE B2, Optimum Values of Fraction of Target Destroyed

E=l . 0
N=10
OF\ AR 1.00 0.25 0.0625 0,0156
0 1,00 0,83 0.40 0.13
0.25 0.93*% 0.69 0,31 0.11
0.50 0.83 0.47 0.17 0.06
1.00 0.52 0.21 0.07 0.03
2,00 0.23 0,10 0.02 0,01
k.00 0,09 0.03 0,01% 0.00*
N=50
0 1.00 1.00 0.84 0.k6
0.25 1,00¢ 0,98 G.72 = 0.36
0.50 1.00 0.8 0.51 0.22
1.00 0,91 0.55 0,25 0.10
2,00 0.60 0.27 0,08 0.03
4,00 0.29 0,09 0.03 0,01%
N=100
0 1,00 1.00 0.9 0.65
0.25 1.00% 1,0 0.87 0.52
0.50 1.00 2.95 0.68 0.33
1.00 0,97 O0.71 0.39 0.15
2.00 0,76 0.41 0,16 0.06
4,00 0.40 0,16 0.05 0,02%

Values marked by an asterisk d(;) were determined by interpolation
or extrapolation. The quantity is expressed in units of target
widths,
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Appendix C
EFFECT OF NUMBER OF BOMBLETS
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